Background: The efficacy, safety and tolerability of lumiracoxib, a novel selective cyclooxygenase-2 (COX-2) inhibitor, has been demonstrated in previous studies of patients with osteoarthritis (OA). As it is important to establish the long-term safety and efficacy of treatments for a chronic disease such as OA, the present study compared the effects of lumiracoxib at doses of 100 mg once daily (o.d.) and 100 mg twice daily (b.i.d.) with those of celecoxib 200 mg o.d. on retention on treatment over 1 year.
Background
Osteoarthritis (OA) is the most common arthritis in adults, with an estimated worldwide prevalence of 9.6% for men and 18.0% for women aged at least 60 years [1] . The prevalence of OA is particularly high in Europe and the USA compared with other parts of the world. As a consequence of an increasingly aging population together with an elevated risk for OA with advancing age, OA will become an even greater burden in the coming years.
OA is a major cause of impaired mobility that has a serious detrimental impact on a patient's quality of life and their ability to perform normal daily activities [2, 3] . Indeed, it is associated with a substantial non-fatal burden of disease, estimated to account for 2.8% of total years of living with disability [4] . OA is characterised by joint pain, tenderness, stiffness, crepitus and local inflammation [1] and most commonly affects the joints of the hip, knee, hand, foot and spine.
The pharmacological options for treating OA pain include simple analgesics (e.g. acetaminophen/paracetamol), traditional nonselective nonsteroidal anti-inflammatory drugs (NSAIDs) and selective cyclooxygenase-2 (COX-2) inhibitors [3, 5] . Although the efficacy of traditional NSAIDs for relieving OA pain is well established [6, 7] , they can be associated with serious gastrointestinal (GI) complications [8, 9] . NSAID-related gastric damage is caused by inhibition of cyclooxygenase-1 (COX-1) and prostaglandins, which help to maintain GI mucosal integrity. Hence, selective COX-2 inhibitors have been developed to try to minimise these potentially serious GI effects while providing analgesia comparable with traditional NSAIDs [10] [11] [12] [13] [14] .
Lumiracoxib (Prexige ® ) is a novel selective COX-2 inhibitor developed for the treatment of OA [14] [15] [16] [17] [18] and acute pain, such as dental pain following surgery [19] , sprains and strains [20] , primary dysmenorrhoea [21] and acute flares of gout [22] .
As a chronic disease, OA often requires continued management for extended periods and it is important to establish the safety and efficacy of treatments in the long term [3, 5] . Moreover, it is difficult to keep many patients on their OA medications and the majority of patients discontinue treatment after 1 year [23] . Hence, the objective of this 52-week study was to investigate the long-term effects of lumiracoxib 100 mg o.d. (the recommended dose in OA) and lumiracoxib 100 mg twice daily (b.i.d.) compared with celecoxib 200 mg o.d. in patients with OA of the knee, hand, hip or spine. In order to provide an indication of overall effectiveness and safety, the primary outcome variable used in this study was retention on treatment. Retention on treatment reflects the interrelated issues of efficacy, safety and tolerability and represents a relevant measure for assessment in clinical trials.
Methods

Study design
This was a 52-week, multicentre, randomised, doubleblind, double-dummy, active-controlled, parallel-group study conducted in 65 centres in Europe (Belgium, Germany, France, Italy and Switzerland) and 149 centres in North America (Canada and the USA). The study received Ethics Committee approval, was performed in accordance with the ICH Harmonized Guidelines for Good Clinical Practice (GCP) and the Declaration of Helsinki, and all patients provided written, informed consent before the start of the study.
Following a 3-7-day screening period, during which the patient's current NSAID therapy was washed out, patients were randomised (1:2:1) to lumiracoxib 100 mg o. After giving written informed consent, patients were assigned a unique patient identification number. Randomisation was performed using an interactive voice response system which collected patient identifying information by telephone and assigned randomisation numbers linking the patient to a treatment group and specifying a unique medication number for the study drug to be dispensed to the patient. A validated and automated system assigned patient numbers to randomisation numbers in a block formation in order to ensure treatment groups were balanced within centres. A separate medication randomisation list was produced using a validated system that automated the random assignment of medication numbers to medication packs containing each of the study drugs.
Patients, investigator staff, persons performing the assessments, and data analysts remained blinded to the identity of the treatment from the time of randomisation until database lock. A double-blind, double-dummy study design was used to conceal the identity of treatments by use of study drugs and respective matching placebos that were all identical in packaging, labelling, schedule of administration, and appearance.
Patients
The study recruited male and female patients aged at least 40 years of age with symptomatic primary OA in the hip, knee, hand or spine (cervical or lumbar) for at least 3 months, and who required NSAID therapy that was expected to continue for 12 months (with possible single interruptions of no more than 4 weeks and total interruptions of no more than 3 months). Patients were also required to have a baseline pain assessment (5-point Likert scale) of mild, moderate or severe in the target joint.
Patients were excluded if they had: secondary OA with history and/or any evidence of rheumatoid arthritis (RA), uncontrolled gout, or inflammatory disease in the target joint; a history or evidence of infectious arthritis, pseudogout or acute forms of inflammatory gout in the target joint; hypersensitivity to analgesics, antipyretics or NSAIDs; peptic ulceration within the last 12 months or clinically significant GI bleeding within the last 5 years; hepatic (alanine aminotransferase [ALT] and/or aspartate aminotransferase [AST] >1.5 × upper limit of normal [ULN]; bilirubin >1.2 × ULN [unless consistent with Gilbert's disease in the opinion of the investigator]), renal, pancreatic or biliary disease, blood coagulation disorders, anaemia or platelet count of <100 × 10 9 /L; significant medical problems, such as uncontrolled hypertension, symptomatic heart failure; or any other clinically relevant condition or current medication that in the opinion of the investigator contra-indicates the use of any of the study or rescue medications. Pregnant or lactating women or premenopausal women not using an acceptable form of birth control were ineligible for inclusion, as were patients using: NSAIDs, except low-dose aspirin (75 mg-100 mg/ day) if taking a stable dose for at least 4 weeks before randomisation and if not taken for secondary prevention of cardiovascular disease; systemic corticosteroids (except eye drops, topical or nasal application, or inhaled for asthma or chronic bronchitis taken at a stable dose for at least 2 weeks before randomisation); hyaluronic acid injection or intra-articular corticosteroid in the target joint in the last month; any drugs known to be contra-indicated with celecoxib (e.g. lithium, fluconazole, coumarins); or taking >2 g per day of rescue medication (acetaminophen/ paracetamol) during the screening period. Before the protocol amendment, patients were ineligible if they had: an MI, stroke, coronary artery bypass grafting (CABG), invasive coronary revascularisation or new-onset angina within the 6 months before screening; or a history of coronary heart disease with electrocardiogram (ECG) evidence of silent MI, or congestive heart failure with symptoms at rest or with minimal activity or unstable angina. After the study had started, an amendment was made to the protocol following an announcement of possible increased CV risk with celecoxib. Consequently, patients with an elevated CV risk or a history of CV or cerebrovascular disease (i.e. angina pectoris of any severity, MI, CABG or percutaneous coronary intervention, transient ischaemic attack, clinically significant carotid artery stenosis or carotid endarterectomy, ischaemic stroke, or congestive heart failure NYHA class III-IV) were no longer eligible to participate in the study. Following the protocol amendment, patients taking low-dose aspirin for secondary prevention of cardiovascular disease were also discontinued, although those patients receiving low-dose aspirin for at least 4 weeks before screening for other reasons could continue.
Study objectives and assessments
The study's primary objective was to demonstrate noninferiority of lumiracoxib 100 mg o.d. or lumiracoxib 100 mg b.i.d. compared with celecoxib 200 mg o.d. with respect to the long-term retention rate in patients suffering from primary OA in hip, knee, hand or spine. The primary outcome variable was retention on treatment at 1 year; a patient was considered retained on treatment for 1 year if the study treatment was not discontinued before Week 50. As discontinuations can occur due to insufficient efficacy and/or safety or tolerability issues, retention of patients on treatment provides a measure of the overall effectiveness of the treatment. The secondary objectives of the study were to compare lumiracoxib versus celecoxib with respect to efficacy (OA pain intensity in the target joint; patient's global assessment of disease activity; physician's global assessment of disease activity), reasons for discontinuation, safety and tolerability, and patient-reported outcomes.
Efficacy was assessed by measuring the following parameters at baseline and at Weeks 4, 13, 20, 26 , 39 and 52 using 5-point Likert scales: overall OA pain intensity in the target joint (1 = none, 2 = mild, 3 = moderate, 4 = severe, 5 = extreme); patient's global assessment of disease activity (1 = very good, 2 = good, 3 = fair, 4 = poor, 5 = very poor); physician's global assessment of disease activity (1 = very good, 2 = good, 3 = fair, 4 = poor, 5 = very poor). Patientreported outcomes were analysed using the psychometric properties of the Short Arthritis assessment Scale (SAS). Patients completed the SAS, which comprises four 11-point scales (pain, global, difficulty with stairs and difficulty with shopping), at baseline and at Weeks 13, 26, 39 and 52. Rescue medication use was recorded for the study duration. During the treatment phase of the study, a daily maximum of 2 g and a maximum cumulative dose of 2 g daily per two-thirds of the period between two consecutive visits was permitted. Patients exceeding this cumulative dose between visits were discontinued as having an unsatisfactory therapeutic effect.
Safety and tolerability were evaluated by recording adverse events (AEs) and serious AEs (SAEs) throughout the study. Physical examinations were performed at baseline and Weeks 13, 26, 39 and 52, and laboratory tests (haematology, blood chemistry, urinalysis) and vital signs were assessed at baseline and Weeks 4, 13, 20, 26, 39 and 52 . Elevations in ALT and/or AST >3 × ULN were reported since this level was considered to be most relevant to health authorities and healthcare providers. Investigators were required to report all suspected predefined GI, CV/ cerebrovascular and hepatic events for assessment and adjudication in a blinded manner by independent safety committees. The adjudicated CV/cerebrovascular events were assessed using a composite endpoint defined by the APTC, which includes CV death, MI and stroke (ischaemic or haemorrhagic) [24] . APTC events were reported up to 52 weeks after randomisation regardless of whether patients had discontinued prematurely (these patients had a follow-up call at 52 weeks). Deaths could be reported up until just before database lock and were included in the clinical database regardless of the patient's date of study completion or premature discontinuation. All SAEs occurring up to 30 days after the patient's last dose of study drug were reported to the Clinical Safety and Epidemiology department, according to standard Novartis SAE reporting procedures, and were not entered into the clinical database. Assumptions were made that the retention rates did not differ and were between 45% and 55% (a figure based upon previous experience with other lumiracoxib studies of 12 months' duration), and that the non-inferiority margin was -10%.
Statistical analysis
All efficacy evaluations were performed on the population of randomized patients who received at least one dose of study medication, the intention-to-treat (ITT) population. Non-inferiority of lumiracoxib for the primary outcome variable (1-year retention on treatment) was tested by a non-inferiority test comparing pairwise differences using a multiple testing procedure to adjust for multiplicity and a confidence interval (CI) approach with a predefined non-inferiority margin of -10%. The analysis was repeated for the per protocol population (all ITT patients without major protocol violations). The data were described by cumulative Kaplan-Meier estimates at Weeks 4, 13, 20, 26 , 39 and 52. Retention on treatment was further explored by using a multiple logistic regression model with treatment as main effect and age as covariate. The reasons for discontinuation were also examined.
The secondary efficacy variables, overall OA pain intensity in the target joint, patient's global assessment of disease activity and physician's global assessment of disease activity, were summarised as the weighted average over the treatment period, representing the overall level of efficacy experienced, and evaluated using analysis of covariance (ANCOVA) with treatment as main effect and respective baseline value, age and centre as covariates. Results were presented as least squares means (LSM) with 95% CI. In addition, these variables were classified as 'improved', 'worsened' or 'unchanged' according to changes observed on the Likert scales from baseline to study endpoint; 'improvement' and 'worsening' were defined as a decrease and increase by at least one category, respectively. Improvement rates were compared between treatment groups by multiple logistic regression analysis (including treatment as main effect and age as covariate). Missing baseline assessments were replaced by the median of the baseline assessments and missing post-baseline data were imputed using the last observation carried forward (LOCF) technique. The four SAS scales were added to form the SAS total score. The analysis included questionnaires with no more than one missing question; missing values were replaced by the median value for all patients at the particular timepoint. The SAS total score was analysed using ANCOVA with treatment as main effect and baseline value, country and treatment as covariates. Rescue medication use was analysed using a multiple logistic regression model, with baseline pain intensity and treatment as main effects. All statistical tests for the secondary efficacy variables were performed at the 5% level of significance without adjusting for multiplicity.
Safety was evaluated in the safety population (all randomised patients who received at least one dose of study medication), which was identical to the ITT population. Safety data were analysed and presented using descriptive statistics.
After completion of the study and database lock, a quality assurance audit found that one of the participating centres failed to meet the required standards of clinical practice. Since the database had been locked including data from the 63 patients from this centre, a sensitivity analysis was performed to examine whether exclusion of this data would significantly change the outcomes from this study.
Results
Between 07 September 2004 and 18 November 2004, a total of 3,036 patients were enrolled and randomised; four patients did not receive the study drug and were excluded from all analyses. Hence, a total of 755, 1,519 and 758 patients were included in the lumiracoxib 100 mg o. Baseline demographic and background characteristics were comparable across the treatment groups (Table 1) . The majority of patients were female (71.0%), mean age was 62.5 ± 10.07 years and mean disease duration was 7.7 ± 7.73 years. The distribution of target OA joints assessed was 48.4% knee, 23.0% spine, 20.6% hand and 7.9% hip. In the majority of patients (93.3%), pain intensity in the target OA joint was moderate or severe.
Patient disposition was also similar across the treatment groups. The percentage of patients completing the study was 46.9% for lumiracoxib 100 mg o.d., 47.9% for lumiracoxib 100 mg b.i.d. and 45.3% with celecoxib 200 mg o.d. (Figure 1 ). The main reasons for discontinuation were administrative problems (13.5-15 .7%), AEs (11.7-12 .7%), unsatisfactory therapeutic effect (10.4-12.8%) and withdrawal of consent (10.3-12.3%) (Figure 1 ). Following the protocol amendment excluding patients with an elevated CV risk or history of CV or cerebrovascular disease, 11.9-13.6% of patients were discontinued for administrative reasons and 3.3-4.5% withdrew consent.
Retention on treatment
More than 45% of patients in each group remained on treatment for 1 year. Retention rates were 46.9% for lumiracoxib 100 mg o.d., 47.5% for lumiracoxib 100 mg b.i. 
Secondary efficacy variables
The LSM of the overall efficacy measures for the secondary efficacy variables were generally similar for all three treatments (Table 3 ). However, for physician's global assessment of disease activity, lumiracoxib 100 mg b.i.d. showed a small but statistically significant advantage in LSM over the other two treatments (2.45 vs 2.55 and 2.52 for lumiracoxib 100 mg o.d. and celecoxib 200 mg o.d.; p < 0.05). In addition, improvement rates at study end were comparable between the treatment groups for OA pain intensity, the patient's global assessment of disease activity and the physician's global assessment of disease activity (Table 3) . No statistically significant differences between the treatments were observed.
Mean reductions from baseline in SAS scores occurred at all clinic visits for each of the treatment groups, demonstrating that patients had less pain, less difficulty going downstairs and shopping, and were doing better during treatment. There were no statistically significant differences between the groups at any timepoint (data not shown).
The percentage of patients who used rescue medication during the study was similar across treatment groups (lumiracoxib 100 mg o.d., 79.5%; lumiracoxib 100 mg b.i.d., 80.6%; celecoxib 200 mg o.d., 81.3%).
Safety and tolerability
Both lumiracoxib doses were well tolerated, with similar incidences of AEs and SAEs reported in the three treatment groups (Table 4) . Overall, AEs occurred in 72.6% of patients treated with lumiracoxib 100 mg o.d., 71.0% of patients receiving lumiracoxib 100 mg b.i.d. and 69.4% of patients receiving celecoxib 200 mg b.i.d. Infections and infestations were the most frequently reported AEs by primary system organ class (32.1-33.4%), followed by GI disorders (24.8-28 .1%) and musculoskeletal and connective tissue disorders (21.8-23 .3%). The 10 most frequent adverse events are listed in Table 5 ; headache (10.8-11 .5%) and nasopharyngitis (9.3-10 .6%) were the most common AEs in all treatment groups. -not study drug-related in the investigator's opinion, haematemesis -study drugrelated in the investigator's opinion) and two in the lumiracoxib 100 mg b.i.d. group (MI -not study drug-related in the investigator's opinion, CVA -study drug-related in the investigator's opinion). Of the other six deaths, which occurred more than 4 weeks after study drug discontinuation, five were in the lumiracoxib 100 mg b.i.d. group (CVA; CV failure secondary to pancreatic cancer; progression of anaplastic astrocytoma; angina/CV death; and sudden death/possible arrythmia) and one was in the celecoxib 200 mg o.d. group (probable CV death). Of these six deaths, only the angina/CV death in the lumiracoxib 100 mg b.i.d. group was considered to be study drug-related in the investigator's opinion.
The incidence of prespecified AEs (including GI events, GI ulcers, oedema, CV/cerebrovascular events and chest pain) was similar across treatment groups (lumiracoxib 100 mg o.d., 25.7%; lumiracoxib 100 mg b.i.d., 24.8%; celecoxib 200 mg o.d., 22.3%). GI events were the most common prespecified AEs (20-21% in the lumiracoxib groups, 18% with celecoxib).
Adjudicated GI, CV/cerebrovascular and liver events were uncommon with all three treatments. Adjudicated GI events (all suspected occurrences of perforations, ulcers and bleeding) occurred in 15 (2.0%) patients in the lumiKaplan-Meier estimates of the probability (%) of premature discontinuation for any reason (ITT population) Table 6 . The number of patients with confirmed or probable APTC events up to Week 52, regardless of study drug discontinuation, was 4 (0.53%) with lumiracoxib 100 mg o. Table 6 ). The peak in the incidence of transaminase elevations with lumiracoxib was observed after 3 to 6 months of treatment (between 106 to 196 days) ( Table 6 ) and then subsided at later timepoints. After >287 days of treatment, the incidence rates of ALT/AST <3 × ULN decreased to 0.28% with lumiracoxib 100 mg o.d. and 0.14% with lumiracoxib 100 mg b.i.d.). Patients with an AST and/or ALT value between greater than 3 × ULN and less than 5 × ULN could continue on treatment but liver function tests were to be repeated within 2 weeks and patients with a value greater than or equal to the previous value at repeat testing were immediately discontinued. An AST and/or ALT value of between greater than 3 × ULN and less than 5 × ULN was reported in 1.1% of the lumiracoxib 100 mg o. 
Sensitivity analysis
In the sensitivity analysis excluding data from the centre with major violations of GCP, there were no clinically relevant differences from the total ITT population for any efficacy variable. One-year retention rates for the ITT population excluding the 63 patients from this centre were comparable with those for the total ITT population, and there were no differences between these populations in Kaplan-Meier estimates for the probability of premature discontinuation from the study for any reason.
A total of 10 of the 63 patients from the excluded centre reported AEs. Overall, proportions of patients with any AE or with specific AEs were similar to the total safety population. However, two of the patients from this centre were reported to have notable increases in liver function tests. Excluding the centre that was audited, the incidence of ALT/AST elevations (>3 × ULN) probably or possibly related to study drug was 1.4% with lumiracoxib 100 mg 
Discussion
This large, randomised, double-blind study has demonstrated that lumiracoxib 100 mg o.d., the recommended dose for OA, was non-inferior to celecoxib 200 mg o.d. for retention on treatment at 1 year in patients with OA of the knee, hip, hand and spine. As this outcome variable is dependent on the number of treatment discontinuations, which mainly occur for insufficient efficacy and tolerability issues, it indicates that the overall efficacy and safety of lumiracoxib 100 mg o.d. is comparable with that of celecoxib 200 mg o.d. Similar findings were observed with lumiracoxib at the higher dose of 100 mg b.i.d. Previous studies have reported that discontinuation rates are lower with selective COX-2 inhibitors compared with traditional NSAIDs, such as ibuprofen and naproxen [23, 25] . These observations could suggest that COX-2 inhibitors have a more favourable balance of both efficacy and tolerability compared with NSAIDs.
Both doses of lumiracoxib were associated with improvements similar to celecoxib in all secondary efficacy parameters. At Week 52, approximately 50% of patients in each treatment group assessed their OA target joint pain and disease activity to be reduced, with over half of physicians also reporting lower disease activity. SAS scores were improved in all three treatment groups and there were no statistically significant between-group differences in the use of rescue medication. Although the use of rescue medication was high across all three treatment groups, this would not be unexpected in a 1-year study. Lumiracoxib 100 mg o.d. was also shown to be as well tolerated as celecoxib 200 mg o.d. in this large group of patients with OA over 1 year. The overall incidence and type of AEs for lumiracoxib at both doses were comparable with those observed with celecoxib 200 mg o.d., and as expected given the duration of the study and the population studied.
The incidence of adjudicated CV/cerebrovascular events was very low across the treatment arms, supporting previous findings that lumiracoxib has a low risk of CV events that is comparable with NSAIDs. In TARGET, the incidence of non-fatal and silent MI, stroke, or CV death with lumiracoxib 400 mg o.d. was comparable with that observed with traditional NSAIDs, ibuprofen and naproxen [26] . Moreover, a meta-analysis of lumiracoxib studies with 34,668 patients has also reported that the risk of CV events with lumiracoxib was not statistically significantly different from placebo, naproxen or non-naproxen NSAIDs [27] . These findings are in keeping with a recent meta-analysis, which has also indicated that the risk of CV events with selective COX-2 inhibitors is similar to that observed with most NSAIDs [28] . Another systematic review and meta-analysis of observational studies has noted some differences in CV risk with individual NSAIDs and selective COX-2 inhibitors: there was no elevation in CV risk with celecoxib, naproxen or ibuprofen, but rofecoxib and diclofenac were associated with a significantly increased risk of serious CV events [29] . These findings support lumiracoxib as a selective COX-2 inhibitor with a CV risk profile comparable with most other NSAIDs. Other studies have indicated that lumiracoxib has a blood pressure profile similar to placebo [30] and superior to traditional NSAIDs [26, 31] , which support its CV safety profile.
Lumiracoxib is indicated at a dose of 100 mg o. [33, 34] , and less than that observed with diclofenac, which has been associated with ALT and AST abnormalities in 3.2% and 1.8% of patients, respectively [35] . It is also important to note that it is very rare for the elevations in liver enzymes with NSAIDs to translate into SAEs [36] . Moreover, as shown in this study, elevations in liver function tests are generally reversible when treatment is discontinued. Given the increased incidence of ALT/AST elevations and the lack of additional efficacy benefit with lumiracoxib 100 mg b.i.d., it would not be advisable to exceed the recommended dose of lumiracoxib (100 mg o.d.) for the long-term treatment of OA.
Given that OA pain may require treatment over extended periods of time, these findings demonstrating that lumiracoxib is efficacious and well tolerated over 1 year are important. The long-term efficacy, safety and tolerability profile of lumiracoxib 100 mg o.d. compared with celecoxib 200 mg o.d. has also been evaluated previously in a 39-week, double-blind extension to a 13-week, multicentre, randomised, double-blind, placebo-controlled trial of patients with knee OA [16, 37] . Comparable improvements were seen for both treatments at all timepoints in all three efficacy variables: OA pain intensity, patient's global assessment of disease activity and Total score of the Western Ontario and McMaster Universities (WOMAC™) Osteoarthritis Index LK 3.1 questionnaire [16, 37] . Furthermore, the incidence and type of AEs reported were similar between celecoxib 200 mg o.d. and lumiracoxib 100 mg o.d. [16, 37] and elevations in liver enzymes were in line with previously reported incidence rates with NSAIDs.
One limitation of this study was related to an announcement after the study had started that there may be a possible increase in CV risk with celecoxib. To ensure patient safety, a protocol amendment to patient eligibility was implemented and 17% of randomised patients, who had an elevated CV risk, had to be discontinued. Although this accounted for a significant proportion of treatment discontinuations, similar to that attributed to insufficient efficacy or AEs, supportive analyses showed that this did not affect the relative distribution for retention on treatment across the treatment arms (data not shown). A second limitation of this study was the inclusion of patients from a centre that did not meet the required standards of clinical practice. However, a sensitivity analysis demonstrated that exclusion of data from this centre resulted in the efficacy and safety data similar to that observed for the total ITT population.
Conclusion
In conclusion, these data show that lumiracoxib 100 mg o.d. was as effective and well tolerated as celecoxib 200 mg o.d. during long-term treatment of up to 1 year in patients with OA. Hence, lumiracoxib should be considered as a useful treatment option for the relief of OA pain. 
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